Two human mast cell types were identified by immunohistochemical techniques in skin, lung, and small intestine. One type contains the neutral proteases, tryptase and chymotryptic proteinase, and is termed the TC mast cell. The second type contains only tryptase and is termed the T mast cell. Both types are fixed better by Carnoy's fluid than by formalin. (4, 5, (9) (10) (11) .
Two types of mast cells, termed connective tissue and mucosal, have been defined in rodents (1-5) based on different histologic, functional, compositional, and pharmacologic regulatory properties. Both types have high-affinity plasma membrane receptors for IgE and show coupled activation-secretion on cross-linkage of these receptors. An analogous heterogeneity has been suspected in humans based on the presence of formalin nonfixable and fixable mast cells in human gastrointestinal mucosa and submucosa, respectively (6) (7) (8) , even though convincing histochemical, functional, or compositional differences between such mast cells is lacking (4, 5, (9) (10) (11) .
The presence of distinct chymotryptic neutral proteases in rat mucosal and connective tissue mast cells is a useful criterion for designation of a rat mast cell to a particular type (12, 13) . For example, the finding of rat mucosal mast cell chymotryptic protease in a tumor cell line previously considered to be a rat basophil leukemia tumor (RBL-1) indicated that this tumor may be a rat mucosal mast cell leukemia tumor (14) . In dispersed human lung mast cells, the major neutral protease is tryptase (15) (16) (17) . Tryptase is a specific marker for all mast cells in human lung, small bowel, and skin (17) (18) (19) , including formalin-fixable and -nonfixable mast cells. A second neutral protease, termed human skin chymotryptic proteinase, has been purified from skin (20) and localized to mast cells in skin and lung (21, 22) . The present study uses murine monoclonal anti-tryptase and affinity-purified rabbit polyclonal anti-skin chymotryptic proteinase antibodies in a double indirect immunoenzymatic technique to demonstrate two mast cell types in human skin, lung, and small bowel, based on distinct protease compositions.
MATERIALS AND METHODS
Materials. Peroxidase-conjugated goat anti-rabbit IgG (Cooper Biomedical, Malvern, PA), alkaline phosphataseconjugated goat anti-mouse IgG (Boehringer Mannheim), peroxidase-conjugated goat anti-mouse IgG (Bio-Rad), 3,3-diaminobenzidine tetrahydrochloride (Electron Microscopy Sciences, Fort Washington, PA), 30% H202 (Fisher), and naphthol AS-MX phosphoric acid and fast blue RR (Sigma) were obtained as indicated. Murine monoclonal IgG2b,K anti-tryptase, termed G5 (anti-T), and a negative control IgG2b,K, termed MPC-11 (17) , as well as polyclonal rabbit IgG anti-human skin chymotryptic proteinase, termed C8 (anti-C), and IgG from nonimmunized rabbits (21) were purified as described previously. Fresh surgical or autopsy tissues were fixed in Carnoy's fluid (60% methanol/30% chloroform/10% glacial acetic acid) or in neutral buffered formalin (10% formalin in 0.08 M sodium phosphate, pH 7.4) and 5-,gm-thick sections were prepared. Macroscopically normal appearing areas of skin, lung, and small bowel were used. In addition, mast cells were enzymatically dispersed from human lung and cytocentrifuge preparations were obtained as described (17) .
Single Indirect Immunohistochemistry. Fixed sections were dewaxed in xylene over three 5-min periods. Endogenous peroxidase was blocked with 0.6% H202 in methanol for 30 min at 22°C. Rehydration was performed with graded ethanol solutions (100%, 95%, 80%, 70%, 50%) and H20, each for a 3-min period. Nonspecific staining was reduced by incubation with 10% heat-inactivated normal goat serum (NGS) for 1 hr at 22°C (lung, skin, and dispersed lung cells) or with undiluted NGS for 3 hr at 22°C (small bowel). Specimens were washed with 0.05 M Tris HCl, pH 7.6/0.15 M NaCl/0.5% Tween 20 (TTBS) for 5 min at 22°C.
Anti-C (9 ,g/ml) and anti-T (7.0 ,g/ml) in phosphatebuffered saline/10% normal goat serum were incubated separately on adjacent sections of tissue overnight at 4°C. Samples were washed with TTBS for three 5-min periods and incubated with a 1:50 dilution of peroxidase-conjugated goat anti-rabbit IgG and peroxidase-conjugated goat anti-mouse IgG, respectively, for 1 hr at 22°C. Samples were again washed with TTBS for three 5-min intervals, then a freshly prepared solution of 0. 
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were performed by incubating slides overnight at 40C with anti-C (9 Ag/ml) together with anti-T (7 ug/ml). Second, sequential double-labeling experiments were performed. Anti-C (9 ,ug/ml) was applied and developed by the immunoperoxidase technique as above. Anti-T (0.5 Ag/ml) was then applied and developed by the immunoalkaline phosphatase technique described above.
Single-labeled specimens were mounted in Permount; double-labeled specimens were mounted in 90% glycerol in phosphate-buffered saline. Negative controls for these experiments included replacement of anti-C by nonimmune rabbit IgG and replacement of anti-T by the IgG2b,K murine myeloma ,ug/ml) or anti-T (7 ,tg/ml) are shown in Fig. 1 . At higher magnifications than that shown in Fig. 1 These cells are referred to as T mast cells.
To clearly distinguish between T and TC mast cells, a sequential double indirect immunoenzymatic technique was developed. This technique involves using a lower concentration of anti-T (0.5 ug/ml) and developing the anti-Cdependent peroxidase reaction before application of anti-T. Under these conditions, anti-T binding to TC mast cells was almost completely blocked, and anti-T binding to T mast cells occurred without appreciable attenuation. After all staining was completed, TC mast cells were brown and T mast cells were blue. The distribution of TC and T mast cells in tissue sections of human skin, lung, and small intestine that had been fixed with Carnoy's fluid and subjected to the above double-staining procedure is summarized in Table 1 and shown in Fig. 2 .
In two abdominal and two lower extremity specimens of normal skin, mast cells were found predominantly around adnexal structures such as sweat glands, hair follicles, and blood vessels. Mast cells were more concentrated in the papillary superficial dermis than in the reticular deep dermis and 88% were of the TC type ( Fig. 2A) . Isolated congregations of predominantly T mast cells were occasionally observed.
In the small intestine, mast cells were more concentrated in the mucosa than in the submucosa. In the mucosa, 98% of the mast cells were T mast cells and they were concentrated at the base of the villi (Fig. 2B) . Brown TC mast cells were rarely seen in the mucosa but accounted for 87% of the mast cells in the submucosa. Mast cells were not detected in the epithelium.
In the lung, mast cells found in the epithelium and in the lumen of bronchioles and bronchi were almost exclusively of the T type. In three specimens, there were 1, 4, and 72 epithelial mast cells found and these were, respectively, 100%, 100%, and 97% T mast cells. The subepithelium contained both types in a T/TC ratio of 3.4/1 (Fig. 2C) . The thin alveolar walls contained 93% T mast cells (Fig. 2D) ; the few TC mast cells in alveolar regions were found almost exclusively in the respiratory bronchioles and in the adventitia of arterioles and venules. Negative control sections of skin, bowel, bronchi, and alveoli ( Fig. 2 E-H) showed no reactivity with the antibodies.
The percentages of T and TC mast cells in cytocentrifuged preparations of dispersed human lung cells (5-15% mast cells) were 90 and 10, respectively. Light (Fig. 21 ) and phase-contrast (Fig. 2J ) micrographs of an anti-C/anti-T double-stained section show both T and TC mast cells.
Mean cell areas were determined for T and TC mast cells in all tissues. The mean cell area (±SD) and the calculated diameter of T mast cells were 66 + 22 /Im2 and 9.2 ,um (n = 584); for TC mast cells, these values were 76 ± 25 ,Um2 and 9.9 ,um (n = 453). The difference in population means between T and TC mast cells is statistically significant (P < 0.05), but the large SD values indicate considerable overlap. This was confirmed by analysis of histograms that showed an overlap of mast cell areas for greater than 95% of the T and TC mast cells.
Tissues fixed with neutral buffered formalin were also examined by the double-labeling procedure. The sequential staining procedure with anti-chymotryptic proteinase and anti-tryptase primary antibodies, using very small amounts of the latter, suppresses the appearance of anti-T reactivity in anti-C+ cells and ensures a straightforward distinction of TC and T mast cell types. Occasionally, TC mast cells were the predominant type found in normal skin and small bowel submucosa, whereas T mast cells were almost the exclusive type in small bowel mucosa and alveoli and also predominated in bronchial/bronchiolar regions (Table 1). Enzymatically dispersed preparations of lung mast cells contained predominantly T mast cells (90%), suggesting either a preferential dispersion of this type during the procedure used or, more likely, a substantial contribution of those in the alveolar wall (19, 23) . The predominance of a particular mast cell type in specific tissue locations suggests that both types are mature cells with a purposeful presence at their respective sites.
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Proc. Natl. Acad. Sci. USA 83 (1986) Because TC mast cells are found predominantly in the skin and intestinal submucosa, they correspond more closely to the connective tissue type of rodent mast cells. In contrast, T mast cells are the major type in intestinal mucosa and are therefore more analogous to rodent mucosal mast cells (1) (2) (3) (4) (5) . The failure of dispersed lung mast cells to be activated by compound 48/80 (24) is consistent with a mucosal-like mast cell designation by analogy to the behavior of rodent mucosal and connective tissue mast cells to this secretagogue (25, 26) .
There is little information available to further extend these similarities to other histochemical (2, 6-9), compositional [proteoglycan class (27, 28) ], or functional [products of arachidonic acid (4, 29) or dependence on T-lymphocyte mediators (3, 4)] properties of rodent and human mast cell types. One previous study showed a size variation in dispersed lung mast cells that did not correspond to heterogeneity in terms of pharmacologic regulation of mast cell mediator release (10) . The size analysis performed in the present study showed that TC mast cells are slightly larger than T mast cells. However, the overlap is extensive, and accurate separation of these mast cells on the basis of size alone is unlikely. Thus, at present, the most discriminating evidence for human mast cell heterogeneity appears to be based on distinct protease composition.
Whether human skin chymotryptic proteinase is the only chymotryptic proteinase of human mast cells will need further clarification. It is possible that the T type of mast cell contains an antigenically distinct chymotryptic enzyme [analogous to the situation in rat mast cell types (12, 13)] or contains chymotryptic proteinase with blocked antigenic sites. Alternatively, chymotryptic proteinase may not be fixed in T mast cells by the current procedure. However, the relatively low level of chymotryptic activity in dispersed human lung mast cells compared to skin mast cells (16, 20, 22) suggests a profound deficiency of chymotryptic proteinase in the T type and supports the immunohistochemical data indicating absence of the chymotryptic enzyme. It is also of note that a tryptic enzyme resides in rat connective tissue mast cells (30) together with chymase; its presence in mucosal mast cells has yet to be assessed.
The physiologic and pathobiologic implications of two or more human mast cell types having distinct mediators with distinct functions will need further clarification. Tryptase, the neutral protease that is present in both T and TC mast cell types, has been shown to generate the anaphylatoxin C3a from the third component (C3) of complement (31) and to act as an anticoagulant by inactivating high molecular weight kininogen (32) and fibrinogen (33) , but it has no effect on plasma prekallikrein (34), low molecular weight kininogen (35) , or plasminogen (33) . Chymotryptic proteinase from skin and lung mast cells is a potent activator of angiotensin I to angiotensin II (22, 36, 37) . Of further importance are unresolved questions concerning the differential activation, differentiation, and proliferation of human mast cell types in different tissues and under diverse clinical conditions. The recognition of human mast cell types with distinct neutral protease compositions is a crucial step toward better understanding human mast cell biology.
